oc-amy/ase 




Starch 
Lactose 
Sucrose 
Cellulose 



SMALL 
INTESTINE 



to 
LIVER 




Starch dextrins 

Isomaltose 

Maltose 

Lactose 

Sucrose 

Cellulose 



t 



Portal 
circulation 




Glucose 
Fructose 
Galactose 



Low pH 
stops action 
of salivary 
amylase 

I 

Pancreatic 
ct-amylase 

I 

Isomaltose 
Maltose 
Lactose 
Sucrose 



Mucosal cell 
membrane -bound 
enzymes: 

^ (isomaltase 

malta.se 
lactase 
sucrase) 



Cellulose 



Lactase 
deficiency 




SMALL INTESTINE 
Lactose 



t 



Galactose 
+ 

Glucose 
.ARGE INTESTINE 




Lactose 

A 

BACTERIA 



H 2 can be 
measured 
in the breath 



2-Carbon 
metabolites 



BACTERIA ~? J 

on 1/ \i 



CO, 



3-Carbon 
metabolites 



HoO 




<! 



BLOATING 









DIARRHEA 
















DEHYDRATION 









Transport of Carbohydrates 





Tissue Location 

L i 


Functions 


Facilitat 
GLUT1 


ive bidirectional transporters 

Brain, kidney, colon, placenta, erythrocyte 


Uptake of glucose 


GLUT 2 


Liver, pancreatic B cell, small intestine, kidney 


Rapid uptake and release of glucose 


GLUT 3 


Brain, kidney, placenta 


Uptake of glucose 


GLUT 4 


Heart and skeletal muscle, adipose tissue 


Insulin-stimulated uptake of glucose 


GLUT 5 


Small intestine 


Absorption of fructose 


Sodium-dependent unidirectional transporter 

SGLT 1 ! Small intestine and kidney 

! 
: 

i 
i 

! 


Active uptake of glucose from lumen of intestine and 
reabsorption of glucose in proximal tubule of kidney 
against a concentration gradient 



Glucose Metabolism Processes 



GLUCOSE METABOLISM PROCESSES 


SUBSTRATE 


PRODUCT 


GLUCOSE METABOLISM USE 


Glycolysis (Anaerobic) 

Mnaerooic conversion 01 glucose to 
pyruvate or lactate 


Glucose 


Pyruvate/ 
lactate + ATP 


Energy production (2 ATP) 


Glycogenesis 

Process of glycogen formation from 
glucose 


Glucose 


Glycogen 


Storage of glucose as glycogen in 
liver and muscle 


Glycogenolysis 

Breakdown of glycogen to form glucose 


Glycogen 


Glucose 


Release of glucose from glycogen 
for energy (muscle) or increase of 
blood glucose (liver) to maintain 
homeostasis 


Gluconeogenesis 

Formation ot glucose rrom noncarbohy- 
drate sources (proteins, lipids) 


Amino acids 

Lactate 

Glycerol 


Glucose 


Increase of blood glucose (liver) 
when glycogen stores are de- 
pleted 


TCA (Tricarboxylic Acid) Cycle and 
Electron Transport System 

Aerobic phase of glucose metabolism 
within the mitochondria of the cell 


Pyruvate 
acetyl CoA 


ATP 


Energy production (24 ATP, 12 per 
acetyl CoA molecule) 


Hexose Monophosphate Pathway 
(HMP) 

Alternate pathway for glucose oxidation 


Glucose 


NADPH 


Energy source for many anabolic re- 
actions and glycolysis in RBCs, 
since they lack mitochondria 



NADPH, reduced form of nicotinamide adenine dinucieotide phosphate; RBCs, red blood cells. 



Tissue's Metabolism of Glucose 

. i Glut-1 




Red Blood Cell 



Tissue's Metabolism of Glucose 

Glat-1 and Glut-3 




Glucose 
phosphates Glucose 6 - P 




{2} Pyruvate 

{2} CO, 

{2} Acetyl CoA 





{4} CO. 



Brain Tissue Cett 



Tissue's Metabolism of Glucose 



G/ct-J (Insulin D$p$nctent] 



Glucose 



Pentose 
phosphate 



Glucotefi - P 




(2} Acetyl CoA 




Glycogen 



(2} Pyruvate - — ^ 21 Lactate 



(2}C0 2 * J < 2 > 0H 



{4} CO. 



Muscle and Heart Tissue Cell 



Tissue's Metabolism of Glucose 

Glut-4 [Jnsitlin Dependent] 




Glucose 



Pentose 
phosphate 




Glucose 6 - P 




{2} Pyruvate 
(2} C0 2 i ^ 

(2) Acetyl CoA 




FAT 



Glycogen 



Ac//pose Tissue Cell 



Tissue's Metabolism of Glucose 




Liver Parenchymal Cell 



Glucose 



ATP 



ADP 



hexokinase 
glucokinase 



Gl ucose-6-phosphate 

phosphohexose 



isom erase 



Fructose-6-phosphate 

ATP—. 

} phospho- 
^pp — — ^ fructokinase-1 



Fructose-1,6-bisphosphate 



aldolase 



Glyceraldehyde-3-phosphate ^Dihydroxyacetone 

triosephosphate phosphate 
isom erase 



Glyceraldehy^de-3-phosphate 

NAD + +P 



IMADH 



glyceraldehyde-3-phosphate 
dehydrogenase 




1,3-bisphosphogly cerate 

ADP 



p ho sp ho g ly c erate 
kinase 



3-phosphoglycerate 

T phosphoglycerate 
| mutase 

2 -phosphoglycerate 

| enolase 

Phosphoenolpyruvate 

ADP _ 

pyruvate 
kinase 




Pyruvate 



Bisphosphoglycerate 
mutase 




2,3-Bisphospho- 
glyc erate 



Z 3- Bispho sp hogly cerate 
Phosphatase 



Pi 



Chemical Inhibitors of Glycolysis 



Fluoride, F 

Fluoride ion is a potent inhibitor of Enofase, it is beiieved to 
fosm a complex: witis magnesium and inorganic phosphate wind: 
interferes wtit dieinteiaction of die enzyme witfi snbstiate * 

■ 

7 fhroride has many other effects on the body, some of which are toxic and 
some of which may be beneficial f.e., baldening of dental enamel 



Arsenate 

Aisenateis a phosphate anaiog and w'fi form and arsenoanaiog of 
1,3 bisphosphogly cerate, 1-atsenato 3-phosphogfycesaxe vt/wc/i 
spontaneously hydrolyses and prevents die formation ofhotfi 1,3 
his phosphogiy cerate and ATP in die mitochondrion. 

^arsenate w Hi not ontyshnt down gfycofysis bnt afeo interfere wit ft 
oxidative phosphoiytatibn and starve tbe ceit for high -energy 
eqnrvatents 



Fates of Pyruvate under Anaerobic Condition 



Lactate fermentation 



Produced by muscles when the 
body can't supply enough 0 2 . 



pyruvate 



lactate 



1 1. 



OH 



MAD* 




Lactate 

'A- 

Anaerobic conversion of pyruvate to lactate 
permits regeneration of NAD~ , 

Body can then make more ATP - at a cost. 
Creates an oxygen debt. 

Must use extra 0 2 to oxidize lactate later 



Fates of Pyruvate under Aerobic Condition 



Glucose 



Giuc one og e ne sis 



Glycolysis 





Pyruvate 




Lactate 



Acer// CcA. 



Pyruvate has several origins and metabolic fates 



Energy Yield Of Glycolysis (Aerobic & Anaerobic) 



In addition, the two pyruvate can go on to the 
citric acid cycle to produce more energy. 



UCOSI 



Overall glycolysis 



■ 2 PO + 2 N, 



ADP + 



AD 



p 

^ 10 enzyme; 



2 pyruvate + 2 NADH + 2 H 2 0 + 4 ATP 



[Shuttle Systems May Produce Different ATP Yields 
Glycerol Phosphate Shuttle Yields FADh^ 

This results in tlte potential for tfie syndesis of 1.5 - 2 ATP 
tin os i git mitochondria! oxidative phosphorylation 



Malate - aspartate Shuttle Yields NADH 

This rest i its in tit e po ten tlal for tit e syit tit esis of 2.5 -3 ATP 
tit ton qh mitochondrial oxidative phosphorylation 



In muscle and brain, the glycerol-P shuttle 
brings cytoplasmic NADH to the ETS 



Glycolysis 



NAD+ 



cytosolic 
glycerol 3-phosphate 
dehydrogenase 



NADH + H' 




Glycerol 3- 
phosphate 



CH 2 OH 



CHOII 



CH 2 -0-<g) 



CH 2 OH 
C=0 

Dihydroxyacetone ' ^ 
phosphate <-H 2 -0-(p; 



mitochondrial 
glycerol 3-phosphate 
dehydrogenase 




Matrix 



Inter membrane 
space 



NAD* 



NADH 

"OOC — CHg- C— COD" 

Oxalo 



aspartate 
aminotransferase 




hh& Aspartate 

"OOC-CH^-C-COO" 

i 

H 



Glutamate- aspartate 
transporter 



shuttle 



Malate- 
u-ketoglutarate 
transporter 



Malata 



malate 
dehydrogenase 




Matrix 



OH 

I 

OOC-CH 2 -C— COO" 




NAD+ 



NADH 



Oxaloaeetate 9 

-OOC-CH.-CH^C-COO- U"OOC-CH 2 -C-COO- 



Cxlutamate 



(4)\ I aspartate 

aminotransferase 



a-Ketogl uta ra te 
o 



OOC — CH 2 — CHj— C — COO 




Aspartate 

■ooc— CIV- ^COO- 
IS 



ftfrj**** ✓ Supply of 

Glucose 4r— — G/r/cose 

P Y A7F 1< s- 

ts\ duces* - 6-phosphate ^ 

Pentose phosphate Stff ^3 Qycogeri 

pathway ^ synthesis 

Fructose - 6 -phosphate , 

47P -^4 j * AftP, F- 2,6 - P.. 

£*AOP f -« I ATP, citrate 

Fructose - 1,6 - Irisphostriiate — 

I 

(2) Gtycerafdeftyde 3 -phosphate 

NAD* ^\ p 

(2) f,3 • bisphosphogfycerate 
(2) PhosphoertofpyruYate 

\ ATP 
^2A7P NADHiH* NAD* 

(2) pyruvate < Nsi w*> (2) /acta* e 



Glycolysis (HK Regulation) 



Km 

Vm ax 
inhibition by G-6-P 



Hexokinase 
(muscle, etc.) 

low 
similar 
yes 



100 



"max 



Glucokinase* 
(liver) 

high 
similar 

no 

* [Insulin Dependent] 

copyright 1996 M.W.King 




5 10 15 20 

Blood glucose (mmol/L) 



, ri<<™<* a Supply oi 

S — > Glucose 7— g/ucosc 

kX\^ Gfucose • 6-phosphate 

Pentose phosphate Qycogen 
P^ffwoy ^ synthesis 

Fructose -6 -phosphate , 

47P ->1 j * AW>,F-?,6-P 2 

J^^OP ATP, citrate 

Fructose -1,6 - bisphosphate — — 

I 

(2) Gfyceraidehyde 3 -phosphate 

1 P 

(2) f,3 - trisphosphoQfycerate 

ft 

<2> PhosphoenotpytVYate 

% : ■ atp 

J/* 2 47P MMBN.H« 

(2) pyn/Vc?re < (2) toctote 



Glycolysis (PFK Regulation) 



Glucose 



ATP 




Fructose 6-phosphate 



ATP 



F2,6BP^ V 1^7f^ 




ADP 



Fructose 1,6-bisphosphate 



F ructos e 6 -p ho sp hate T 

2 Pyruvates 



s rtfc^rt , Supply ol 

Glucose < ~ Glucof 

yy\ — Glucose -6-pftospftjte 

Penfosepbosphate Qycogsn 

pathway ^ synthesis 

Fructose -6 -pftospfute 

ATP —i { AW>, F- 2.6 - R 

Fructose - 1,6 - bisphospliate 

I 

(2) Gtycerai&ttyd* 3 - phosphate 

SAD* -kH p 

(2) 1,3 • dtsphosphogfycerat* 
(2) PhosphoettofpyruYate 

1 



2 

ATP, citrate 



J^*2 47P NADH.H* HAD* 



ATP 



(2) pyruvate < ^^^S <2> /aerate 



Gluconeogenesis 




Process where glucose is synthesized. 



Occurs primarily in the liver 



Common materials used as starting materials 



lactate 

all amino acids except leucine and lysine 

glycerol from fats 




Only used under starvation conditions 



Gluconeogenesis 



Gluconeogenesis 



(2)HCO- +( T2)ATg )- 



(2) Pyruvate 



(2) ADP 



pyruvate carboxylase 



(2) Oxaloacetate 




(2) C0 2 + (2) GDP - 



(2) 



PEP carboxylase 

EP 



(2) ADP 



(2) 3-Phosphoglycerate 

p ho sp ho gly cerate kinase 

phoglycerate 




(2) 1,3-Bisphq 




NADH + H + 



Fructose-1,6-bisphosphate 

p. fructose-1 ,6-bisphosphatase 

Fructose-6-phosphate 
Glucose-6-phosphate 



NAD* 




p_ ^ | glucoso-G-phosphtiaso 

Glucose 



Gluconeogenesis 



Muscles lack enzyme needed to convert pyruvate 


to glucose-6-P 


. It must be sent to liver. 




GluconeogenesisrThe Cori cycle 










Skeletal muscles 


Liver 






glycogen 


glycogen 






Exercise || Rest 


■■ it 






qlucose-6-P 
pyruvate 
lactate 


b giucose-6-P 

■V t 

pyruvate 

t 

lactate 











Control of Gluconeogenesis 



[Glycolysis] 



Glucose 

Hexokinase j j G6Pase 



pluconeogenesls) 



Pi 

F2,6P 2 © 
AMP 



ATP 

Glucagon 

Citrate 

H+ 



G6P 

H 

F6P 

^PFK-1 I | FBPase-1 
0 F8P 

m 
\ j „ 

PEP Qj 



FBP" 



Glucagon > 

Phosphorylation 
ATP P 
Alanine 
Acetyl-CoA 



PK 



OXA 



PEPCK 

0 



ATP 

Glucagon 

F2 P 6P 2 

AMP 

Pi 



Glucagon 
Insulin 



PC 
Pyruvate 



•Acetyl-CoA 



Fates of Pyruvate under Aerobic Condition 



CH3-C-COO-+ CoA-SH 



pyruvate 
dehydrogenate 
complex 




CI-U-C-S-CoA + CO 



NAD 



NADH 



Fate of pyruvate 

Glycolysis pathway is similar in all organism 



What happens to pyruvate will vary significantly 

In our cells, under aerobic conditions, pyruvate 
is converted to acetyl CoA in the mitochondria. 



[ The Pyruvate Dehydrogenase Reaction ) 



Pyruvate + NAD + Co ASH 



acetyl CoA + CO. + NADH + H 



This is an irreversible reaction 

This reaction is catalyzed by amultiftinctional enzyme complex 
wltidi requires 5 different coenzymes orcofactoisand catalyzes tfw ee 
discrete reactions 



complex (nftocfiondrion) 



1. component E1 (a decarboxylase) 

2. dihy droll poy! transacetylase (E2) 

3. diiiydrolipoy! dehydrogenase (EJJ 



A covalent intermediate is formed vw'tft tfie release ofCO z and 
ultimately tfie ft™ remaining carbons are tiansfen ed to CoASH to fonn 
acetyl CoA and regenerate tfie enzyme. Tin's is a highly regulated 
enzyme. The 5 cofactois or coenzymes involved are NADH f Thiamin 
pyro ph osphate* lip oic acid, FAD an d CoASH. This is a key enzyme in 
metabolism and on EXAMS. 



[Acetyl-CoA] [NADH] [ATP J 

[ MAD - J [ADPJ 



[CoAj 



© /© 



Acetyl- Co A 





DichloroacEtatE 



o 

■^jwwwwvwvw PyruvatE 




PDH-a 

[Active DEPHOSPHO-ENZYME) 



PDhhb 

(Inactive PHOSPHO-EMZYME) 



Pyruvate 




Mg^ Ca 2 ~ 



Insulin 
fin adipose tissue") 



Pyruvate 



carbohydrate 
or 

some am/no acids 




Fatty acids 
Amino acids 



CO. 



(4) 2H + 2e~ (reducing equivalents) 



Electron transport 
chain 




Up to 11.5 ATP 



Acetyl CoA 




NAD* 



Pyruvate 




Acetyl CoA 



Qxa ioacetate 




Ftttmrate. 




Succinate 




Sticcinyl CoA 




Metabolic Control 

TCA Cycle 

ADP(+) 

Citrate 



X 



isocitrate 

A7P(-) 
ADP{+) 

a-Ketoqltizarate 






NADH{-) 



Jnadh 



acetyl CoA 
oxaloacetate 

7 

malate 



citrate -^_^H 2 0 

c/s-aconitate H 2 0 

i 

isocitrate 



H-,0 



-2FADH 2 : 



fumarate 



succinate 



succincyl 
CoA 



^NADHjf 

u-ketoglutarate^ 

Coenzyme A 



I- \ "+ Coenzyme A g[>P 




C0 2 <NADH> 



a glucose polymer that serves as the 
ody's quick energy reserve. 

Average person usually maintains 
enough for one day's needs. 





Glycogen 



s 



red in the liver and skeletal 
uscles as small granules. 




Glycogen is a highly branched structure with an 
a [ 1 - 6 ] branch occurring approximately every 4th 
residue in the central core and less frequently in the 
outer branches . Mature glycogen molecules have 
very large molecular weights {up to '10,000,000) and 
are derived from proglycogen molecules of about 
400,000 in molecular weight . 



[Gly cog efi/f? 



Reducing end linked 
To glycogenin 




Glycogen is a polym er of glucose residues linked through 
cl [1 -4] and a[l -6] linkages 



Glycogen is a polymer of glucose residues linked through 
cl [1 -4] and a[1 -6] linkages 



— o 




— o 



ct [1 - 6] linkage 



H OH 

ar D - Glucose 



H OH 

ct- D - Glucose 




OH 



ol [1 - 4] linkage 




glycogen phosphon/iase 



a limit dextran 
Actions of the Debranching Enzyme 




Glycogen 
(1->4 and 1->6glucosyl units) x 




GLYCOGEN 
PHOSPHORYLASE 



Glucose 1 -phosphate 
Mg 2+ 




PHOSPHOGLUCOMUTASE 



Free glucose from 
debranching 
enzyme 



Glucose 6-phosphate 



K>0 



GLUCOSE-6- 
PHOSPHATASE 



V, 



To glycolysis and pentose 
phosphate pathway 



Glucose 



Glycogen 
(1->4 and 1->6glucosyl units) x 




(1-»4Glucosyl units) x 




GLYCOGEN 
SYNTHASE 



Glycogenin 



r 



Uridine 
disphosphate 
glucose (UDPGIc) 



To uronic acid 
pathway 



INORGANIC 
PYROPHOSPHATASE 



2P;' 




UDP 



Uridine 
triphosphate (UTP) 



Glucose 1 -phosphate 




Mg 



2+ 



PHOSPHOGLUCOMUTASE 



ATP 



NUCLEOSIDE 
DIPHOSPHO- 
KINASE 



ADP 



Glucose 6-phosphate 

A >r- ADP 



Mg 2+ 



GLUCOKINASE 



ATP 



Glucose 





Glycogen 
(1-»4and 1->6 glucosyl units) x 




(1->4GIucosyI units) x 




GLYCOGEN 
SYNTHASE 



e 



Insulin 

je 

— cAMP - 

\^ 

!© 

Glucagon 
Epinephrine 



Glycogenin 



r 



Uridine 
disphosphate 
glucose (UDPGIc) 



To uronic acid 
pathway 



INORGANIC 
PYROPHOSPHATASE 



2P; 




UDP 



Uridine 
triphosphate (UTP) 



e 




GLYCOGEN 
PHOSPHORYLASE 




Glucose 1 -phosphate 
Mg 2+ 




PHOSPHOGLUCOMUTASE 



Free glucose from 
debranching 
enzyme 



ATP 



NUCLEOSIDE 
DIPHOSPHO- 
KINASE 



H 2 0 



ADP 



GLUCOSE-6- 
PHOSPHATASE 



Glucose 6-phosphate 
-s. AC- 

Mg 2 + 



To glycolysis and pentose 
phosphate pathway 



GLUCOKINASE 



ATP 



Glucose 



Receptor-Mediated Activation of PKA 




PKA 
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Epinephrine 
(liver r muscle) 
Glucagon 
(liver) 



PHOSPHODIESTERASE 



PROTEIN 
PHOSPHATASE-1 



e 



Glycogen 



UDPGlc Gfyeogen 
cycle 



Glucose 1'phosphate 




InhibitoM 
phosphate 




PROTEIN 
PHOSPHATASE-! 



GLYCOGEN 
SYNTHASE a 




PKOSPHORYLASE 
KINASE a 










PKOSPHORYLASE 




phosphorylase 




\ 4 


b 







PROTEIN 
PHOSPHATASE-1 



Glucose (liver) Glucose Lactate (muscle) 



e 



e 



Gin Cl? fjon Epin eph rin e 




AYR cAMP ATP 




Giycoget 



UDP-fjittcose 





G/i/cose 7-P 




Py/r/i/*?re ^ GJficose G-P 

Decrease in F-2,6 -P 



Glucose 



Glucose 



Muscle Cell 



Ins uflh 




insulin 
secondary 
mediators 

Glyc of/en 



UDP-ffiucose 

\ 

^Gfncose 7-P 

t 

Ghicose 6-P 

f 

Glucose 4 




a-Receptor-Mediated Responses on Phosphorylase 
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cx-Receptor-Mediated Responses on Glycogen Synthase 
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Glycogen Storage Diseases 



Glycogenosis 


Name 


Cause of Disord er 


Characteristics 




Vftn CniPrlffi'c Hi^aee 

V Wl 1 UICI l\C 3 LJ 1 jC u jC 


npfici^nCv rtf nlLifrt*P-fi-r*ihASrthata*P 


1 iv£r 1*0 Ik anrl r^nal tuhulp fplk IftSrlprl 

LU CI 1-CII3 LJIJUI 1 CI lal IUUUIC k_CII3 1 LLU ~ LJ 

with glycogen. Hypoglycemia, lactic- 
acidemia, ketosis, hyperlipemia. 


Type II 


Pompe's disease 


Deficiency of lysosomal a-1 -»4- and 
1->6-glucosidase (acid maltasej 


Fatal, accumulation of glycogen in lyso- 
somes, heart failure. 


Tvrip III 

i y kJ c i ii 


1 imit Hpvtrinfitk FfsrhPt' ftr 

l_ 1 1 1 1 1 k U CAL 1 1 1 J Li'-'l _'| r Ul UC j Li'l 

tori's disease 


AhtPnfP ftf Hehrftnfhirbfl Pri7vmii 

J^LJ^dH-C Ul U C LJ 1 u 1 1 1 1 ILJ CII£.yMIC 


Affipmirlatiftn rtf a fharAf+firktif 

J^k_l_kl 1 1 1 LLI U k. 1 Ul 1 '-J\ U k_l JC3 1 U k_k.CI 1 1 k_ 

branched polysaccharide. 


Type IV 


Amylopectinosis, Andersen's 
disease 


Absence of branching enzyme 


Accumulation of a polysaccharide hav- 
ing few branch points. Death due to 

farHiaf ftr liv^r fail litp in fi rtt vpar ftf lifp 

Lu 1 U 1 □ ^ L/ 1 MVCI 1 ull Ul C II 1 1 1 1 Jk VCul Wl 1 1 1 C 


Type V 


Myophosphorylase deficiency, 
MfArdle's svnHrome 

1 T 1 Lnl UIC 3 J VNUI UN IC 


Absence of muscle phosphorylase 


Diminished exercise tolerance; muscles 
have ahnftrmallv hinh nlvfnnen ffsn- 

tent [2.5-4.1%). Little or no lactate in 
blood after exercise. 


Type VI 


Hers' disease 


Deficiency of liver phosphorylase 


High glycogen content in liver, ten- 
dency toward hypoglycemia. 


Type VII 


Tarui's disease 


Deficiency of p ho sphofructokina se 
in muscle and erythrocytes 


As for type V but also possibility of he- 
molytic anemia. 


Type VIII 




Deficiency of liver phosphorylase 
kinase 


As for type VI. 



Fructose 



ATP 



A DP 




fructokinase 



Fructose-1 -phosphate 



fructose-1-P aldolase 




Glyceraldehyde 

ATP 



DHAP 



ADP 




triose kinase 



TIM 



Glyceraldehyde-3-phosphate Glyceraldehyde-3-phosphate 
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ATP 



G lucose-1 - phos phate 



UTP 

PPi 




UDP-Glc 



galactokinase 



Galactose-1 -ph osphate 




UDP-Glucose 



UDP-Ga lactose 




UDP-Glc: GaM-P 
uri dy ly ttransf erase 



Glucose-1 -phosphate 



phosphogl ucom utase 



Glucose-6 -phosphate 
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Glucuronic Acid Synthesis 



Glucose-6-P 



phospho- 
glucomutase 



UDP-glucose 
pyrophosphor^ase 



UDP -glucose 



Glucose-1 -P 




2 NAD* 



UTP 




UDP-g'ucQse 
dehydogenase 



2 NADH + 2H + 

UDP-glucuronate 



Glucuronides 
Proteoglycans 
Glycosaminoglycans 



Glucuronate 



L-Ascorbate 



An Alternate Pathway for the Oxidation of Glucose 

The Pentose Phosphate or Hexose Monophosphate 

Shunt Pathway 



The Pentose Phosphate Pathway Provides; 

NADPH 

Required tor many biosymhetic reactions (reductions) 

Necessary for maintenance of reduced glutathione in red 
blood ceils and the reduction of methemoglobin. 

Various tissues utilize this pathway to different degrees 
depending on their requirements tor NADPH and Ribose 5- 
phosphate 

Ribose 5- phosphate 

Necessary for nucleotide and cefaclor 
biosynthesis 



Oxidative Stage of Pentose Phosphate Pathway 



NADP + 



NADPH 



Glucose-6-phosphate 



Glucose-6-phosphate 
dehydrogenase 




6-Phosphogluconolactone 

h 2 o ^ i 

Gluconolactonase 

H 




NADP + 



6-Phosphogluconate 




6-phosphogluconate 
dehydrogenase 



Ri bu lose-5-p hosph ate 



Non-oxi dative reactions 
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Non-Oxidative Stage of Pentose Phosphate Pathway 



Ribulose-5-phosphate 



Ril}iilose-5-|>hosi>hate 
3-e|)imerase 

Xylulose -5 -phosphate 



Ril> ulo se-5-|> ho q> hate 
isomerase 

Ribose-5 -phosphate 



Transketolase 



Sedaheptulose-7-phosphate Glyceraldehyde-3-phosphate 



Erynirose 
4-Phosphate 



Transaldolase 



Transketolase 



Glyceraldehyde 
3-phosphate 



Fructose 
6-phosphate 



t 

Fructose 
6-phosphate 
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6 Glucose 6 - phosphate + 12 NADP + + 7 H 2 0 

i 

5 Glucose 6 - phosphate + 12 NADPH + 6 C0 2 + 12H*+P- i 

Net Reaction: 

Glucose 6 - phosphate + 12 NADP + + 7 H 2 0 

I 

12 NADPH +6 CO 2 + 12 H + +P 



G6PD Abnormalities 




